Biochemical changes during conservation Drying. During field drying the cut crop respires and sugars, malate, citrate and succinate are oxidized (Sullivan, 1973) . Plant protease activity increases the soluble nitrogenous components, peptides, amides and amino acids, with marked increases in proline, glutamine and asparaghe (Kemble & Macpherson, 1954) . The extent of these changes is influenced by the length of the drying period, which is dependent upon the plant resistances, envitonment and mechanical treatment. In barn-drying, baling is carried out earlier and oxidation and nutrient losses are reduced. In hightemperature drying of forage, biochemical changes are minimal and the composition of the dried herbage is almost identical to that of the original material.
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SY M POS I UM PROCEEDING s '976 Prewilting restricts fermentation increasingly as DM content increases. In such wilted silages clostridial activity is minimal but some growth of lactic acid bacteria usually occurs, even in silages wilted to 500 g DM/kg. Total fermentation acids and Bc are reduced but the composition of the N fraction is similar to that in lactate silages.
In recent years, chemically restricted silages have been produced using formic acid and formaldehyde. When applied at the normal commercial level (2.3 g/kg fresh herbage), formic acid does not inhibit completely the growth of the lactic acid bacteria (Woolford, 1975) , complete inhibition requiring about two to three times this concentration (Henderson & McDonald, 1971) . In studies with formalin Wilkins, Wilson & Woolford (1974) showed that a minimum application of 4 . 9 g/kg to ryegrass (Lolium perenne L.) was necessary to achieve satisfactory preservation. Formalin is more effective as a fermentation inhibitor when applied with an acid (Wilson & Wilkins, 1975) . The effect of a formalin-formic acid mixture (3:1, w/w) applied to ryegrass at 10 g/kg is shown in Table I . Typical results in such treated silages include low levels of fermentation acids, low Bc values, low proportions of non-protein-N and high residual WSC.
Of the fermentation characteristics of these five types of silage, the concentrations of fermentation acids, residual WSC and N components are particularly relevant to the ruminant. Table 2 summarizes our data on N components of silages. There is little difference in the proportions of protein-N between lactate, butyrate and wilted silages. Where formic acid is added directly to forage harvested grass, some inhibition of proteolysis occurs, but when applied Vol. 35 Food processing and nutrition of farm animals 203 after wilting the effect on proteolysis is reduced. The inhibiting action of formaldehyde on protein breakdown is clear. Metabolizable energy (ME). Of the energy deductions (faecal, urinary, methane) made from GE in the calculation of ME, faecal energy is the greatest. During haymaking digestible carbohydrates are dissipated, the proportions of indigestible cell wall components increase (Jarrige, Demarquilly & Dulphy, 1974) and hays have lower digestibilities than the original herbage. Thus Shepperson (1960) quotes values of 0.725, 0.691 and 0.644 respectively for the organic matter (OM) digestibilities of nine cuts of frozen grass, barn-dried hay and swath-made hay. A slight reduction in digestibility of OM has been reported for high-temperaturedried grass by Blaxter (1973) but Demarquilly & Jarrige (1970) found digestibilities of twenty-one samples of dried grass were similar to those of the original herbage. The effects of silage fermentation on digestibility are generally considered to be small (Demarquilly & Jarrige, 1970) Owing to the reduction in digestibility during haymaking, the M E values of hays will be lower than those of grasses from which they are made. Dried grasses will have M E values similar to the original herbage. Because of the increases in GE during fermentation, lactate silages will have M E values higher than the original material. Where fermentation has been restricted, M E values may be slightly higher than in fresh herbage, except with wilted silages in which digestibility has been significantly reduced. In our experiment quoted above, mean M E values of ryegrass, lactate, wilted and formic acid treated wilted silages were 11.6, 13.6, 11.4 and 11.9 MJ/kg DM. Corresponding Q, (ME/GEXIOO) values were 62-7, 65.6, 60.7 and 62.3.
Net energy. The efficiency of utilization of the M E of fresh grass ranges from 0.60 to 0.75 for maintenance (k,) and from 0.28 to 0.52 for growth (k,) ( Brskov (1975) has suggested that kl is reduced when the NGR exceeds 4.00 and that there is a danger of producing lowfat milk when 'the NGR is below 3.00. Data accumulated at the Edinburgh School of Agriculture have been used to calculate NGR values after intake of silages at 09.00 hours daily. Fig. I shows these values for three silages and the fresh grass (frozen) from which they were made. Mean NGR values over the period were 4.29 for the grass, 4.15 for wilted silage, 3.85 for a directly made lactate silage and 3.76 for a formic acid-treated, wilted silage. None of these lies within the range given by Brskov (1975) for maximal k, but all could be regarded as satisfactory for acceptable k, values. It might be more relevant to consider the NGR values at peak VFA production, c. I 1.00 hours. The high NGR for the wilted silage resulted from an increase in butyrate instead of propionate, in response to lower acetate. Fig. 2 shows NGR values for a spring and an autumn cut of dried grass from the same pasture, together with two silages made from each. In each instance one of the silages was directly made (control) and the other with delayed sealing of the silo (treated). The mean NGR values were 3.40, 3'92 and 5.39 respectively for the grass, treated and control silages from the spring materials and 4.67, 5.54 and 3.86 for the autumn cuts. Thus for the springcut materials the dried grass would be regarded as most suitable for promoting tissue gain, and both the grass and treated silage for milk production. For the autumn cuts the only acceptable material is the control silage, and that for milk production. The NGR values for the dried grasses are in keeping with the generally accepted productive capacity of springcut compared with autumncut materials. Thomson, who showed that N uptakes from the small intestine (g N/g N intake) were 0.53, 0.77, 0.61 and 0.76 for fresh, oven-dried, high-temperature dried and lowtemperature-dried grasses respectively. Using unpublished results of C. J. Proud he calculated that the supply of amino acid-N (AAN) to the host on a silage diet was 0.76 of that when fresh grass was given and 0.58 of that for dried grass. It was suggested that differences in absorbed AAN were due to differences in rate of NH, production or microbial protein synthesis, or both, in the rumen.
Chalmers (1963) noted a correlation between protein utilization and rumen NH, production, and the importance of the degradability of dietary protein and the content of WSC. In our work, peak rumen NH, concentrations for six lactate found mean rumen NH, concentrations of 268, 275 and 182 mg NH,-N/l for grass, lucerne (Medicago satiwa L.) and clover (Trifolium sp.) and showed that concentrations were increased by ensiling, and decreased, to an extent depending upon the conditions, by drying. Concentrations of rumen NH, for hay diets were about 0.66 of those for diets based on silages. A number of workers, notably El Shazly ( In the present economic climate there is pressure for conserved forages to satisfy an increasing proportion of the needs of the animal, which requires that their N be utilized with greater efficiency. This involves protection of the original protein against breakdown, both during ensilage and in the rumen, and conservation of the WSC of the herbage. Wilting conserves WSC and limits amino acid breakdown by clostridia but does not completely inhibit proteolysis. Fatianoff et al. (1966) showed better N retention for wilted than for directly made silages. Durand et al. proteolysis in the cut crop and clostridial degradation of amino acids in the silo. The extent of the improvement will depend upon how soon the acid is added after cutting the crop. In three comparisons we have found peak rumen NH, concentrations of 16 mg NH,-N/l per g N intake for wilted compared with 18 mg/l for materials where formic acid was added to the wilted material before ensiling.
Formaldehyde treatment of casein has been shown to prevent its degradation in the rumen while allowing digestion in the small intestine (Ferguson, Hemsley & Reis, 1967 
